Background: Aging is associated with changes in cognitive functions. However, many other factors may affect cognitive functions and this interaction needs further assessment. Objectives: To detect gender differences in sleep quality, nutritional status, and health-related quality of life and their impact on performance in verbal fluency tasks among apparently healthy elderly. Subjects and methods: The study was conducted on 102 normal aged subjects, 51 males and 51 females. Subjects were divided according to age into group ≥ 60 years and group < 60 years as a control. They were subjected to clinical assessment, Medical outcome study Short-Form 36-item Health Survey, Pittsburgh sleep quality index, mini nutritional assessment and Category Verbal fluency for animals and girls' names. Results: Among the older group, females had significantly poorer physical and mental health, sleep quality and nutritional status than males (p value 0.001, 0.003, 0.012, and 0.014, respectively). Older females had significantly lower performance in verbal fluency (girls' names) compared to younger females (p value 0.013), but no significant gender difference was found among the older group. Verbal fluency tasks are correlated to the level of education in both males and females (r 0.392 and 0.42, p value 0.029 and 0.019, respectively), However, in older males, it is also correlated to sleep latency (r 0.41 and p value 0.021). Conclusion: Older females had poorer sleep quality, lower health-related quality of life and lower nutritional status. No gender difference was found in verbal fluency tasks. Although no single variable could independently affect verbal fluency, education remains the main player in the difference in performance.
Introduction
Successful aging is defined as the absence of disease or a minimal alteration of physiological functions and musculoskeletal system [1] . Aging is not only associated with physical changes, but it is also associated with changes in cognitive functions. Normal age-related cognitive decline can be difficult to distinguish from the early stages of disease-associated impairment [2] . The clinical manifestation of these changes can be subtle and vary considerably between individuals. Cognitive functions that decline with aging are executive functions, information processing speed, attention and encoding, and retrieval of new memories but do not prevent the performance of daily activities [3] .
Studies demonstrating gender differences in neurocognitive performance showed that females, on average, perform better than males on tests of fluency, verbal memory, fine motor skills, and perceptual speed, while males tend to perform better on tests of visual memory, visuospatial abilities, and problem-solving [4] . Cognitive changes can be impacted by non-neurologic factors that are also affected by normal aging. Age-related cognitive changes may be associated with poor sleep, which is in some cases a treatable condition [5] . In addition, nutritional status may affect the normal aging process. The elderly have special dietary requirements for maintaining good health and doing various activities [1] . A healthy and well-balanced diet is crucial for preventing potential cognitive decline [6] .
In the elderly, health-related quality of life is a multidimensional concept including domains related to physical, mental, emotional, and social functioning [7] . Many factors are thought to influence quality of life, including physical health and functioning, self-esteem, self-efficacy, autonomy, coherence, physical environment, social relationships, economics, and spirituality [8] .
The main feature in the Egyptian population over the last decades is a gradual increase in life expectancy for both males and females [9] . Therefore, assessing the cognitive functions and factors possibly affecting the cognitive status in the elderly can help in the development of interventions that maintain cognitive performance. Accordingly, this study aimed to detect gender differences in fluency tasks among elder Egyptians and to study the impact of sleep quality, nutritional status, and healthrelated quality of life on cognitive performance among apparently healthy elderly.
Subjects and methods
The current study is an observational, cross-sectional study, conducted on 102 normal aged subjects, 51 males and 51 females, aged ≥ 50 years. Those subjects were categorized according to age, based on WHO report [10] into 2 groups, group aged ≥ 60 years and the other group aged < 60 years, as a control group. Male:female ratio was 1:1. In both younger and elder groups, male and female subgroups were age-matched.
Participants should have the ability to read, write, and do simple calculation. They should have a score ≥ 24 on mini-mental state examination, to exclude dementia, [11] and have a score < 10 on Hamilton Rating Scale of Depression, to exclude depression [12] . Females included should be menopausal. All subjects included had no vascular risk factors. Subjects included should have no history of memory complaints or cognitive dysfunctions. Participants with a history of drug intake known to affect cognition or mentality or with the previous history of a neurological condition known to cause cognitive impairment were excluded from this study.
Subjects were subjected to clinical assessment, medical outcome study Short-Form 36-item Health Survey, Pittsburgh sleep quality index, mini nutritional assessment, and Category Verbal fluency for animals and girls' names.
Categorical verbal fluency tasks are more appropriate to be used in the Egyptian population to overcome the high percentage of illiteracy in elders. Furthermore, phonemic fluency tasks showed no diagnostic superiority in the Egyptian population [13] . So, we used categorical (animals and girls' names verbal fluency tasks). This test was used as a measure of executive functions and semantic fluency [14] . The sum of all correct admissible words for the tested semantic category were recorded.
For the assessment of health-related quality of life (HRQoL), medical outcome study (MOS) Short-Form 36 Health Survey (SF-36) was used [15] . It is a 36-item questionnaire which measures Quality of Life (QoL) across eight domains, which are both physically and emotionally based. A summary of physical QoL (Physical Component Summary; PCS) and emotional QoL (Mental Component Summary; MCS) was calculated by the mean average of all of the physically relevant questions and of all of the emotionally relevant items. We used an Arabic version which had been validated as equivalent to the US English version [16] .
Pittsburgh Sleep Quality Index (PSQI) was used to measure the quality and patterns of sleep in older adults [17] . We used an Arabic translated version of PSQI [18] . It differentiates "poor" from "good" sleep. Higher scores indicate worse sleep quality as a global sum of "5" or greater indicates a "poor" sleeper.
Mini Nutritional Assessment-Short form (MNA), which is a screening and assessment tool for the identification of malnutrition, was used for assessment of nutritional status. We used mini nutritional assessment-Arabic version [19] . The score of 12-14 points indicates normal nutritional status, 8-11 points indicates at risk of malnutrition while score of 0-7 points indicates malnutrition.
Statistical analysis
Results were evaluated statistically by the Statistical Package for the Social Sciences (SPSS) version 23. Normality of data was tested by the Kolmogorov-Smirnov test. To describe the data, frequency (percent) and mean ± SD were used. T test and Pearson correlation tests were used for comparisons and correlations, respectively. Linear regression models were used to further analyze relations. p values less than 0.05 were considered statistically significant.
Results
Female participants aged ≥ 60 years had a statistically significant lower level of education than males of the same age (p value = 0.001) ( Table 1) .
According to MOS Short-Form 36-item health survey (SF-36), female participants aged ≥ 60 years had significantly lower scores than males of same age, in total physical component (p value = 0.001) and total mental components (p value = 0.003); where mean total physical component was 63. 2 Females ≥ 60 years had significantly longer sleep latency and worse daytime functioning than males in the same age group, and significantly poorer sleep quality (higher total PSQI score) mean 4.68 ± 2.92 and 6.84 ± 3.74, respectively (p value = 0.01) ( Fig. 1 ).
Female participants aged ≥ 60 years obtained significantly lower scores in the mini nutritional assessment screening than males (p value < 0.001) with a mean 11.42 ± 2.17 and 13.16 ± 1.21, respectively. Where a sum of 15 females (48%) was malnourished or at risk of malnutrition in comparison to 5 males (16%), p value = 0.012.
Female participants aged ≥ 60 years showed significantly lower performance in verbal fluency (girls' names) than younger females (p value 0.013). There was no significant difference in comparing male subgroups. No gender difference was found between both older groups ( Table 2) .
Correlations between various studied parameters showed that performance in fluency tasks was correlated with education in both male and female subgroups (p value = 0.029 and 0.019, respectively). In older females, it was correlated with age (r = − 0.389, p = 0.026) ( Table 3 ). In older males, shorter sleep latency was associated with better performance in verbal fluency tasks (r = − 0.412, p = 0.021 respectively). Sleep parameters showed no significant correlations with verbal fluency tasks in older females. Physical and mental components did not affect the cognitive performance in both male and female subgroups. MNA scores did not show any correlation with verbal fluency test in either older males or females (Table 4) .
Multiple linear regression analysis using stepwise technique showed that, in participants aged ≥ 60 years, female gender is an independent variable affecting nutritional status (r = 0.45 and p value = < 0.001). Otherwise, no gender effect on other studied parameters. 
Discussion
Gender effects on cognitive functions are modulated by multiple neurological factors such as hormonal sex differences, genetic factors, vascular lesions, brain maintenance, and cognitive reserve [20] . Executive functions are vulnerable to white matter injury [21] . Normal aging is associated with a decrease in white matter volume, composition, and integrity. These changes are more obvious in females [22] . The wide-spread use of verbal fluency tasks is because they afford rapid and reliable assessment of both verbal ability (VA) and executive ability (EA) [23] . A recent study was done on 112 Egyptian subjects (normal cognition control group (n = 79) and clinically demented group (n = 32) had found that semantic category (animals, vegetables and names) are appropriate to be used as culture-oriented and non-education based verbal fluency tests [13] .
The pattern of gender differences in the category fluency of the healthy elderly is not consistent. Some studies found a female advantage [24] , while Wiederholt and colleagues [25] found a male advantage in verbal category fluency in a sample of 54-95 years old population. Others found no gender differences at all [26] . The last studies were consistent with our results, as no significant difference in verbal fluency between males and females was found in the present study.
One of the most widely used instruments to assess health-related quality of life is the MOS SF-36 health survey. The SF-36 enables the investigation of healthrelated quality of life, addressing multiple dimensions: physical functioning, role of limitation due to physical problem (role-physical), bodily pain, general health, vitality, social functioning and emotional wellbeing, and role of limitation due to emotional problem (role-emotional) [27] . In the present study, older females had significantly lower physical and mental component scores than older males.
These results were consistent with previous studies that showed that older females had a lower healthrelated quality of life in general or in some domains [27, 28] . These differences could be attributed to living longer, more disability, and more health problems reported by women in comparison to men. Older women are also, more likely to live alone, that has been associated with frailty, lower satisfaction, and lower-income level [29] . In Egypt, QoL of postmenopausal women was found to be the most affected compared to premenopausal and perimenopausal women. Also, QoL was found to be significantly related to age, educational level, and socioeconomic status of women [30] and family size [31] . So, older women with lower educational levels and low socioeconomic status are more liable to have a poor quality of life and vice versa. Also, gravidity had a significant relation to the quality of life [32] .
Physical activity likely impacts cognition via multiple neurobiological mechanisms. As physical activity has been linked to alterations of neural gray and white matter volume, gray matter density, white matter microstructure, cerebral blood volume, functional MRI activation, and functional MRI connectivity [33] . Yet our study failed to find a correlation between the physical component and verbal fluency tasks.
PSQI assessed sleep quality over the last month [34] . Studies suggest that sleep quality plays a critical role in the preservation of cognitive functions in older adults and reducing the risk of dementia [35] . Our study showed older females had significantly poorer sleep quality (higher total PSQI score), longer sleep latency, and worse daytime functioning than males in the same age group. Only subjective sleep quality was significantly poorer in younger females than in younger males. Previous studies found that females had significantly poorer sleep quality (higher total PSQI score) than males. They had significant impairment in subjective sleep quality, sleep latency, sleep duration, and habitual sleep efficiency compared to males [36] .
Sleep deficit in the elderly could be attributed to shrinkage of the ventrolateral preoptic nucleus (VLPO) of the hypothalamus with advancing age. The volume and cell number of the sexually dimorphic nucleus in preoptic area of the hypothalamus (SDN-POA) showed a dramatic decrease with aging [37] . Gender difference is sleep quality could be due to hormonal changes related to menopause symptoms and associated with physical, physiological and psychological changes that may increase the incidence of problems related to sleep [38] . In our study, poorer sleep quality was associated with lower cognitive performance. In older males, longer sleep latency was correlated to lower performance in verbal fluency.
In the present study, older females obtained significantly lower scores in MNA compared to males in the same age group. These results were consistent with results of a study conducted by Mahfouz and colleagues, [39] on 243 elderly Egyptian aged 60 years or more and concluded that females were more likely to be affected by malnutrition, as 9.8% of females were malnourished vs 6.6% males Also, these findings were in coherence with a study finding of Ghimire and colleagues [40] and Majumder and colleagues [41] who concluded that the malnutrition was more prevalent among elderly female than male.
Many studies found that MNA total score was lower in the oldest than in the youngest subjects in both genders [42, 43] . Older people's vulnerability to malnutrition might be explained by many reasons including physiological and functional changes that occur with age, lack of financial support, and inadequate access to food. The functional status of the elderly, which is defined as their ability to carry out their day to day activities including preparation of food and intake, also is changed thereby affecting nutritional status [44] . Lower females' scores could be attributed to their role in the society and their financial dependency [44] and educational level [45] which eventually affects nutritional status. This was consistent with our results as older females had lower education levels than males.
Several studies showed that malnutrition and risk of malnutrition associated with a cognitive deficit in older adults [46] . In Egypt, Khater Abouelezz [47] found that those with a risk of malnutrition and malnourished had a significant poorer performance in cognitive tests. Nutrition has a crucial role in age-related cognitive decline. Multiple brain processes, including neurogenesis, synaptic plasticity, and neuronal connectivity, that underpin cognitive function are affected by nutrition. Therefore, nutrition could be used throughout life to enhance neurological function and brain health [48] .
Limitations and recommendations
Patient selection was limited to those with no vascular risk factors nor medical conditions which is not the norm in this age group. We recommend studying a larger number of subjects with more variability in demographics and to assess more cognitive functions.
Conclusion
Older females had poorer sleep quality, lower healthrelated quality of life and lower nutritional status. No gender difference was found in verbal fluency tasks. Although no single variable could independently affect verbal fluency, education remains the main player in the difference in performance.
